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SECTI ON 23 — ACOQUSTI CS
23.1 GENERAL | SSUES

23.1.1 Introduction. This Section deals with guidelines, criteria, and
general approaches to sound problens in mlitary health care facilities. This
infornmation is designed to help a design professional or facility program
manager understand some of the causes of sound/noise problens, and the tools
that are available to address them The section covers General |ssues
(definitions and metrics, sources and receivers), Sound |solation (separation
of sound and speech privacy between spaces), Room Acoustics (control of noise
wi t hi n spaces), Mechani cal System Noise and Vibration Control, and

| mpl enent ati on CGuidelines (integration and execution of acoustics through

pl anni ng, design, construction, and post-construction phases of a project).
Addi tional requirenments and design guidance relating to acoustical design is
contai ned at Section 8 (HVAC) and Appendi x A of this docunent.

23.1.2 Anal ysi s

23.1.2. 1. Probl ens covered. This section is directed to acoustics probl ens
in health care facilities such as speech privacy between offices, sound

i sol ati on between patient roons, proper |evel and character of anbient
(background) sound in rooms, control of noise and vibration from nechani ca
equi pment in buildings, good hearing conditions in public spaces, and genera
noi se control in work environments.

23.1.2.2. Probl ems not covered. This section does not address advanced
acoustics problens such as perfornance spaces (e.g., l|lecture roons, cinenas or
theater), specialized | aboratory or neeting spaces (e.g., w nd tunnels, aninal
research facilities, video tel econference roons), or highly vibration-
sensitive equi pnent (e.g., electron mcroscopes, |aser surgery).

23.2 SOUND | SOLATI ON

23.2.1 Introduction. Sound isolation is inportant in mlitary health
care facilities in order to provide privacy for sensitive conversations,
confort for patients, and isolation of annoying and | oud sound |l evels from
equi pnment. The STC rating of various constructions (grouped conponents naking
up partitions, doors, w ndows, floors, etc) which define a space, and Fl anki ng
Sound Transm ssion are two inportant variables having the nost inpact on sound
i sol ation, and which nust be consciously controlled by the nmedical facility
desi gner.

23.2.1.1 Sound Transm ssion Class (STC). STCis the standard singl e-nunber
measure of the ability of a material or construction systemto bl ock sound.
STC val ues are used in this section to determne suitable design. STCis
derived from Transm ssion Loss data neasured in a controlled | aboratory
environnent. A higher STC nunber indicates better sound isolation. STC

val ues can range from STC 0 (bl ock no sound) to STC 70 or higher (al most no
sound gets through), but in practical terns, general constructions in nost
bui | di ngs range from STC 30 to STC 55 or so. Because STC ratings are

determ ned fromlaboratory tests, they elininate variations that woul d be
related to field installation factors such as size of room room absorption
edge conditions, sound | eaks, quality of workmanship, and such. M ninmum STC
ratings for the envel ope conponents of each roomare listed in Appendi x “A”
These minimumratings are intended to assist the nedical designer, who wll
utilize themalong with professional judgenment, in providing the anount of
privacy required.
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23.2.1.2 FIl anki ng Transm ssion. Flanking sound paths are sound paths that
go fromone space to another by secondary paths, not through the prinmary wal

or floor. Flanking paths can be through a corridor, laterally through a roof
or floor plane, and through gaps and cracks in construction. Figure 23.2 and

23.3 indicates transnission paths and sone exanpl e construction options the
nmedi cal facility designer should consider when providing for various |evels of
sound isolation for adjacent spaces.

23.2.1.3 O her terns. Oher terns pertinent to sound isolation review are
defined in appendix "E".

23.2.2 Constructions. This section describes different construction
types and expl ains how they can be evaluated for their ability to bl ock sound.

23.2.2.1 Partitions. The nedical facility designer should provide
partitions which nmeet the requirenents found in appendix A A large anount of
material is available fromsuppliers which provide exanpl es of standard wal
assenblies and list the associated STC ratings. Typical single |ayer gypsum
partitions for steel framng (with wall boards staggered) nornally can achieve
an STC rating of 40, however with the inclusion of glass fiber in the wal
cavity the STC ratings increase to around 47. Double |ayer gypsum partitions
have STC ratings ranging from46 (w thout cavity bats) to around 53 (with
cavity bats), both having base |ayers vertical and face | ayers horizontal

with joints staggered). Al STCratings are verified with an associ ated test
numnber .

a. Acoustical Insulation: Lightweight porous fibrous insulation can
be a glass fiber or a mineral fiber batt. At |east one side of
the insulation should be unfaced— The density of the insulation
shoul d be around 24 to 64 kg per cubic neter (1 to 3 pounds per
cubic foot). Careful consideration should be given to limting the
use of fibrous insulation in partitions where flexibility is a
concern; the insulation could hamper the ability of adding or
relocating plunbing, voice/data outlets or electrical outlets in
the future

b. Fl anki ng transm ssion: The nmost conmon flanking paths at
partitions are the joints between the partition and the adjacent
floor, wall, and ceiling elenments. To achieve the full sound

isolating capabilities of a partition, be sure details are
provi ded for continuous beads of sealant at the floor and ceiling
joints of the partition (Figures 23.1 and 23.3).

C. Recessed services: Wiere service elenents (e.g., electrica
outlets, telephone or data plugs ) are recessed into sound
isolating partitions, as will often occur, they should be backed
or encased with gypsum board, plaster, or other inpervious
material equal to the surface weight of the partition. Designers
shoul d provide appropriate details in design plans.

d. Surface nounted equi pnent: Vibrating equipnent (such as nedica
instruments with electrical notors), should not be nounted on wal
surfaces adjacent to acoustically sensitive spaces.

23.2.2.2 Ceiling Systens. The nedical facility designer shall take into
account that ceiling systens are critical factors in sound isolation when wal
constructions do not extend to the fl oor above. Sound isolation through an
average suspended mineral fiber acoustic tile is seldomgreater than STC (or
CAC) 35 to 39. dass fiber acoustic tile ceilings are far worse, with STC or
CAC ratings less than 25. Sound travels through the ceiling, into a comobn
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pl enum and then into nei ghboring spaces through the ceiling again. These
ratings are often further degraded by return air slots, registers, and
grilles, and recessed light fixtures with openings to a return air plenum
The medical facility designer shall evaluate the follow ng elenents with
respect to providing required sound isolation

a. Ceiling/wall joint: A continuous, suspended ceiling system should
not extend over adjacent acoustically sensitive spaces that
require confidential speech privacy, such as examnination roons.
The ceiling system should be cut or interrupted at the line of the
i ntervening partition

b, Plenum barrier: To mnimze sound transm ssion between
acoustically sensitive spaces, a sound isolation barrier should be
provided in the plenum space between the suspended ceiling and the
undersi de of the structure above, following the line of the
partition bel ow and extendi ng al ong perpendicular walls as well.
The pl enum barrier nust consist of a dense, inpervious material
such as gypsum board, but need conprise only one | ayer of gypsum
board. Superior to this construction is a full-height slab-to-slab
partition system wherever possible. See construction type #1 in

Fi gure 23. 3.

C. Insulation on top of the partition: Wen a construction, slab to
slab barrier is not provided, the nedical facility designer shal
consider insulation on top of the partition. In order to inprove

the sound isolation through the acoustic tile ceiling (that is, to
achieve a higher CAC rating), 75mm (3-inch) thick, foil-backed
nonconbusti bl e bl anket of insulation material such a glass fiber
or mineral wool may be installed, foil side down, on top of the
suspended ceiling system This blanket should extend 1200mm (4
feet) fromeach side of the partition below This acoustica

i nsul ati on works best when the plenumdepth is | ess than 400mm (16
i nches) high. Care nust be taken so that noisture is not trapped
in the ceiling space and heat dissipation of light fixtures in not
i mpai red. See construction type #2 in Figure 23.3. Disadvantages
to this systemare that when nai ntenance operations occur at the
ceiling in the future, the insulation is often renoved or damaged
and not put back in place or repaired properly.

d. Speci al acoustical tile ceilings: Were plenumbarriers and
insulation are inpractical, the nedical facility designer shal
consider utilizing special acoustical tile with a higher CAC than
standard (35-39). See construction type #3 in Figure 23.43.

e. Solid ceilings: Wen required to provide the required degree of
sound isol ati on between spaces, and when permtted by Appendi x A,
a suspended sound barrier ceiling, consisting of a dense,
i mpervi ous, nonconbustible nmaterial such as gypsum board or
pl aster, shoul d be consi dered.

23.2.2.3 Fl oors. The type of floor construction used between spaces shal
be selected and detail ed to achieve the required degree of airborne and i npact
sound isolation. Airborne and inpact isolation provided by a floor systemare
different characteristics of construction, and each shall be considered
separately.

a. Fl anki ng transm ssion. Typical flanking paths of airborne noise,
whi ch shall be evaluated in nmedical facility design include
mechani cal and el evator shafts, piping, conveyor, and pneumatic
t ube penetrations.
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23.2.2. 4 Doors. Doors (and wi ndows) are usually linting elenents in the
sound isolation of a construction system Typically, since corridors are not
used as waiting (or otherwi se normally occupied) spaces, the overall STC
rating of the corridor door/franm ng systemis not critical. However solid
door (leaf) neeting the STC class requirenent in Appendix A shall be

provi ded. Special applications may require very limted undercuts, or

possi bly gasketing. Wen a door occurs in a partition separating noise
critical spaces, special attention should be given to ninimzing the undercut
and or gasketing. In other words, in roons for which full isolation is

requi red, the door should provide the sane correspondi ng degree of sound
isolation as the walls, floor and ceiling.

23.2.2.5 W ndows. W ndows, as doors, are also limting elenents in the
sound isolation of a construction system In the same nmanner, w ndows
normal ly are not a major factor unless they are part of a wall construction

which is between two spaces requiring sound isolation. 1In this case, the

medi cal facility designer shall evaluate the effectiveness of the conposite
construction (wi ndow and wall); see section 23.2.3. |In special cases,
attention must be given to providing sound limting window constructions to

el i mi nate outside noise sources. |In this case the nedical facility designer
shal | evaluate alternative solutions. |n addition, designers shall coordinate

with the security considerations in other sections of this docunent.

23.2.2.6 Qperabl e partitions. The sound isolation provided by operable
partitions depends to a great extent upon the effectiveness of the perineter
seals. A good seal is difficult to maintain at the perineter of these
partitions, and the actual sound isolation provided often falls far bel ow

| aboratory test ratings. Froman acoustical standpoint, operable partitions
shoul d be avoi ded where possi bl e.

23.2.3 Conposite Construction.

23.2.3.1 Ceneral. Conposite constructions comonly occur in health care
facilities where the intervening construction systens contain doors, w ndows,
and suspended ceilings that have different STC ratings. To achieve the

requi red degree of sound isolation and speech privacy between the spaces, the
wei ghted contri bution of each construction element in the system should not be
significantly lower than any other. The elenents shall be weighted by their
STC val ue and the percent of the total wall area involved. To achieve

bal anced contribution of sound energy through each el enent of a conposite
construction, use the followi ng approxi mation, based on the relative size of
each el ement.

Area of elenent relative to Al'l owabl e NR (or STC) of
total area of wall el ement relative to NR (or
STC) of wall (dB)
| ess than 25% -5to -7
25%to 50% -2 to -3
greater or equal to 50% 0
For exanple, to naintain balanced construction, a door in a partition can have
a Noi se Reduction (or STC) of 5 dBto 7 dB less than the wall, if the size of
the door is smaller than 25% of the size of the wall. If the NR (or STC) of

the wall is 40, the NR (or STC) of the interconnecting door should be 33 to
35.

23.2.3.2 Detailed calculation. |If the above general guidelines and

rel ati onshi ps are inadequate for a pertinent analysis, then use Figure 23.4.
for nore accuracy. As an exanple, consider the situation of a partition with
a door init, as in the follow ng conputations:
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a. Area of Partition: 12.5 feet x 8 feet = 100 square feet
Area of Door: 3 feet x 7 feet = 21 square feet
Therefore, the door is 21%of the total wall area

b. If the STC of the partition is 38 dB, and the STC of the door is
30 dB, the difference between the two STC values is 8 dB

c, From Figure 23.4, the reduction of the NR of the partitionis 5
dB.

d. Therefore the total STC of the conposite construction is 38 — 5 =
STC 33.

23.2.4 Proposed Ratings and Criteria.

23.2.4.1 Accepted Standards for STC ratings. Constructions should be
selected to neet the STC ratings listed in Appendix “A’. STC val ues shoul d be
determ ned for conposite constructions. See Section 23.2.3 above. Were
partitions do not extend to the structure above, sound transni ssion through
ceilings nust be considered in the determ nation of the conmposite STC
performance. See Section 23.2.2.2 above.

23.2.4.2 O her Design Considerations. Followi ng are pertinent detai
i ssues to address in the design. Detailed discussion of all these itens is
covered in other parts of this section.

a. Ceilings: Sound transm ssion through the ceiling plenum by way of
t he suspended ceiling systens nust be addressed through upgradi ng
the ceiling path or with a plenumbarrier. See Section 23.2.2

above.

b. Partitions: Include acoustical caul king at the tops and bottons
of partitions. See Section 23.2.2.1.b above.

C. Doors: Interconnecting doors between sensitive spaces should have
peri meter gaskets in order to create an air-tight seal. Avoid

undercutting or door |ouvers at these door |ocations. Sensitive
spaces are roons that require a high degree of privacy, such as

i nterconnecti ng exam or treatnent roons, or provider offices. See
Section 23.2.2.4 above.

d. Equi pnent noi se: Watch for sounds produced by noisy itens of
equi pnment in special purpose roonms, where the noise is transnmtted
through walls and ceilings into adjoining spaces. A notable
exanple is a toilet roomw th wall-hung fixtures adjacent to a
conference room See Section 23.2.2.1.d above.

e. Cross-tal k: Sound can be transmitted through short ventilation
ducts with registers in different roons. See figure 23.7 for
suggest ed duct layout to avoid this problemand as discussed | ater
in this section.

f. Fl anki ng: Sound transfer can easily occur through poorly designed
or installed recessed light fixtures in the ceiling, through
el ectrical outlet boxes, or other penetrations |ocated opposite

each other on a party wall. See Section 23.2.2.1.b and ¢, and
23.2.2.2.e.
23.2.5 Structure-borne sound isolation. Structure-borne sound refers to

sound whose energy is transmtted directly into and through the structure of a
buil ding. The npbst common singl e-nunber rating systemto evaluate and conpare
i solation of inpact sound of a floor/ceiling systemis the Inpact |nsulation
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Class (I1C) rating system In terns of criteria, the values are roughly

anal ogous to the STCratings (that is, if an adjacency requires an STC 40 wal
or floor construction, then a simlar adjacency probably requires an I1C 40
rating for inpact noise).

23.2.5.1 Carpet. Wth structural concrete floor systems, nobst structure-
borne i npact noise can be alleviated with the use of carpet, even a thin
i ndustrial carpet. |If hard flooring is necessary, try to keep heavily

trafficked areas directly above other | ess sensitive areas that are al so
heavily trafficked.

23.2.5.2 Carts. Noise sources, such as rolling carts, should have soft
rubber wheels to mnimze inpact noi se generation

23.2.6 Speech Privacy. The speech privacy obtai ned between spaces
depends upon both the sound isolation provided by the intervening construction
systens STC and the anbi ent noise |level NC of that particular receiver space.
Recommended anbi ent noise levels and STC ratings are |listed, roomby room in
Appendix “A". It is inportant to provide the proper degree of speech privacy
bet ween acoustically sensitive spaces, such as doctors’ offices and

exam nation/treatnent roons. The approxi nate degree of speech privacy between
spaces can be estimated using the follow ng rel ati onshi ps:

Speech Privacy Rating = STC+ NC

Speech Privacy Rating Appr oxi nat e degree of Speech
Privacy
55 none
60 to 70 nor mal
65 to 75 Moder at e
70 to 80 Confidentia
>80 Conpl et e

The recommended anbient |level in an exam nation roomis NC-30 to NC 35, and
the recomended i sol ati on between an exani nation roomand private office is
STC 45. The sumis 75 to 80 which will provide a noderate-to-confidential
degree of speech privacy between the two spaces. |f, however, the

wal | /ceiling construction provided only STC 25 due to an accordion type

fol ding door, or if the background sound | evel were only NC-20 to NC-25 while
the ceiling CAC were only CAC 35, then the STC + NC total would be 55 to 60,
whi ch provides a none-to-normal degree of speech privacy. This degree of
speech privacy is not acceptable for an exam nation room

23.2.6.1 Sound Masking. Speech Privacy Ratings can be boosted when STC
ratings are | ow or background NC | evels are too quiet by the addition of
background sound maski ng. This approach introduces |ow | evel broadband

i nconspi cuous background sound, |ike air conditioning noise, at |levels around
NC-40. This nmaski ng sound covers over the intrusion of a neighbor’s
intelligible speech. The electronic sound is distributed through | oudspeakers
hi dden above the ceiling.
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Figure 23.2
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23.3 ROOM ACQUSTI CS

23.3.1 CGeneral. The character and quality of acoustics within is a space
is a function of the finish nmaterials in the room (whether they are sound
absorbi ng or sound reflecting) and the volune and shape of the room Adequate
areas of sound absorbing naterials can reduce noise within the space, nake the
room nore confortabl e because reflections are not coning fromall directions,
and greatly inprove speech intelligibility.

23.3.3 Desi gn Cui del i nes.

23.3.3.1 Ceilings. Most general purpose spaces in mlitary health care
facilities can be made confortable for noise control and room acoustics by
judicious application of suspended standard acoustic tile ceilings. In

potentially |oud spaces, such as a cafeteria or industrial work area, the
absorbing material should be chosen to have a particularly high NRC val ue,
perhaps .75 or greater. |In spaces with high ceilings, the additional vol une
i ncreases reverberation in the space, and so such roons shoul d have additiona
sound absorbing wall treatnents.

23.3.3.2 O her spaces. Special environnents for presentations,
conferences, lectures or loud | abs may require specialized room shapi ng
anal ysi s and speci al sound absorbi ng approaches, including additiona
absorbing materials on walls.

23. 4 MECHANI CAL AND ELECTRI CAL SYSTEMS NO SE AND VI BRATI ON CONTROL
23.4.1 General .
23.4.1.1 I ntroducti on. Mechanical systens create the npbst pervasive noi se

sources in buildings. Figure 23.5 shows the range of noise | evels produced by
typi cal building equi pnent. The noise problemis exacerbated in nodern
bui | di ngs because the buildings are often Iightweight structures which easily
transmt sound and vibration. Care should be taken in the |ocation

selection, and installation of nmechanical equipnment and in the design of the
encl osi ng constructions. Wen econom cally practicable, mgjor mechanica

equi pnment such as water chillers, boilers, punps and conpressors should be
located in central plants totally separated fromthe health facility building.
Mechani cal equi pnent that remains within the building, such as air handling
units, should be located in spaces that are segregated from acoustically
sensitive areas, both vertically and horizontally, by the layout of non-
critical buffer spaces (such as corridors) to avoid the need for special sound
i sol ati ng constructions between equi pnent roons and acoustically sensitive
spaces.

23.4.1.2 Mechani cal Systens Design. Careful consideration nust be nade to
the selection, location, and installation of nechanical system conponents to
insure conpatibility with the building occupants and functional requirenents.
The m sapplication of nechani cal system conponents and their relationship to
adj acent spaces can result in unwanted noise which is often annoying and coul d
i npede the facility function. The sections that foll ow address specific parts
of the design approach for nechanical system noise and vibration control

These parts are: duct-borne fan noi se; air-generated noi se; cross-tal k between
spaces; noise control within nmechanical equipnment roons; vibration isolation
and plunbing noise. These sections present general guidelines, and do not

repl ace detail ed engi neering anal ysis. Refer to additional requirenents for
mechani cal system noi se control in Section 8 of this docunent.
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23.4.2 Duct - bor ne Fan Noi se.

23.4.2.1 Introduction. All rotating equipnent, and nost predoninantly fans
in air distribution systens, generate noi se because of their energy
consunption and inherent design. This noise is transmtted to occupi ed spaces
through the air distribution system both supply and return. The sel ection of
quieter, initially nore expensive equipnent is generally nore econonmical in
the long run than the selection of a | ess expensive type of fan that requires
consi derably nore noise and vibration control, detailing, materials,

i sol ators, and constructions for sound separation. Wen practicable,

equi pment shoul d be specified and selected on the basis of |ow noise |eve

out put; designers should schedul e the naxi mum sound power output, per each
octave band, for air handling unit fans.

23.4.3 Ai r - Gener at ed Noi se.

23.4.3.1 Introducti on. The novenent of air for heating and ventilating
systens generates noise related to turbulent airflow Turbulent airflowis
created by uneven flow distribution, higher air velocities, obstruction in the
air flow, and the like. Acoustically, lowor nediumair velocity systens are
nost appropriate for use in nedical facilities because | ow velocity
distribution generally requires less energy to nove the air and al so because

|l ow velocity air movenent greatly reduces the generation and regeneration of
noi se produced by high velocities.

23.4.3.2 Airflow velocities. Listed below are the approxi mnate ranges of
airflow velocities at the face of the terninal devices (diffusers and grilles)
and inthe last 1 to 2 nmeters (3 to 6 feet) of duct serving a space, required
to achieve specific anbient noise |levels. These noise |evels are represented
by NC (Noise Criteria) curves (ref. Figures 23.6) and assune no additiona

noi se contribution due to duct-borne fan noise or air turbul ence.

Noi se Criterion (NC Terminal Airflow Velocity
Range
meters per second (feet per nminute)
NC-25 to NC- 30 1.8 to 2.2 (350 to 425)
NC-30 to NC- 35 2.2to 2.5 (425 to 500)
NC-35 to NC-40 2.5t0 3.0 (500 to 600)
23.4.4 Cross- Tal k Between Spaces.
23.4.4.1 Introduction. Cross-talk is the transfer of sound, such as

intelligible speech, fromone roomto its neighbor by way of a conmon unlined
supply duct or by way of a common return air path (either a duct or plenum
return). These air paths are efficient paths for the transm ssion of sound,
and can negate the privacy provided by the intervening construction el ements.

Exani nation roonms and patient bedrooms will require special consideration to
prevent such cross-talk.

23.4.4.2 Duct |ayout. Locate the outlets of connected ducts as far apart
as possible. Use dianetrically opposing duct el bows to reduce cross-talKk.
Internal acoustic lining should be avoided (is prohibited in inpatient areas),
in favor of utilizing the natural attenuating effect of |onger separating duct
runs, el bows, and other duct fittings. To mininize cross-talk transnission in
supply and return ductwork, individual roomrunouts should be configured as
shown in Figure 23.7, where the outlets are spaced as far apart as possible.
When roomreturn air is not ducted (plenumreturn), designers must consider
and provide construction details for an appropriate duct/fitting attachment to
achi eve required attenuation.
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23.4.5 Noi se Control Wthin Mechani cal Equi pnent Roons.

23.4.5.1 I ntroducti on. Mechanical equipnent roons are noi sy environments.
In conditions where exposure duration in excess of 85 dBA occurs for nore
than 8 hours (or higher noise levels are exceed for shorter periods of tine),
noi se mitigation procedures nay be required to neet federal noise exposure
guidelines (e.g., OSHA regul ations) and to reduce the possibility of hearing
damage; perm ssible exposure limtations for |ower noise |levels are indicated
bel ow. When desi gni ng equi prent roonms  which will be regularly occupied by
mai nt enance personnel (as opposed to roons requiring only periodic maintenance
visits), designers shall consider attenuation features necessary to control
noi se | evel

Exposure Duration per sound
day, day in hours level In
T dBA
85
87
90
92
95
97
100
Y% 105
Yaand | ess 100 (nax)

RrEMNMwRrO®
NS

23.4.6 Vi bration |solation

23.4.6.1 I ntroduction. Structure-borne sound is produced by a noise
source, such as vibrating or rotating nmachi nery, which transmts energy
directly into to and through the structure. This noise is often transmtted
to far-renoved locations in a building and is re-radiated by wall and fl oor
construction as airborne noise. All vibrating equipment in a nedical facility
should be resiliently isolated on vibration isolation systens to reduce the
transm ssion of structure-borne noise, according to nmanufacturers
recomendat i ons and gui de specifications.

23.4.6.2 Equi pnent | ocation. The effectiveness of vibration isolators
depends upon the degree of flexibility of the supporting structural system
and it always preferable to provide resilient support froma stiff and rigid
base. Because of its high degree of stiffness, the grade slab of any building
is the preferred location for major generating and prine noving equi prent.

Al'l mechani cal equi pment installed above grade should be | ocated as close as
possi bl e over a colum, |oad-bearing wall, or other stiff structural nenber.

23.4.6.3 Static deflection. The effectiveness of any vibration isolation
systemis determned by its static deflection (that is, deflection under

load). The design of the proper static deflection is determ ned by the speed
and horsepower of the equi pnment being isolated, as well as by the |location of
the equi pnent within the building and the stiffness of the supporting
structure. The determination of the static deflections for specific pieces of
mechani cal equi pment will be made using the tables in section V of TM 5-0805-
4, or as recomended by the equi pment manufacturer to neet specified vibration
transm ssion limtations.

23.4.6. 4 Fl anki ng transm ssion. Flanking transmni ssion of vibration energy
from mechani cal equi pnent should be mininized. Al connections to vibrating
equi pnment shoul d be through flexible connectors, conduits, piping, or hose.
Al'l piping in nechani cal equi pment spaces connected to vibrating equi prent
shoul d be supported by resilient ceiling hangers or floor-munted resilient
supports. Penetrations through equi pment roomwalls and ceilings should be
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oversi zed, packed with a resilient material such as glass fiber or ninera
fiber, caulked airtight, and covered with escutcheon plates where required for
fire ratings. Piping should be supported on both sides of the penetrations
and should not rest on the structure.

23.4.7 Pl unbi ng Noi se.

23.4.7.1 Introduction. One of the nbst comon acoustical problens found in
buil dings is the noise generated by the water piping systens. Due to its
easily identifiable nature, plunbing noise is one of the nost disturbing and
of fensi ve types of noises encountered in building even though the noise |evels
are sel dom excessively high. Mst of the noise frompiping systens is
structure-borne, being transmtted al ong the piping throughout the building
where the noise is re-radiated as airborne noise.

23.4.7.2 Piping isolation. At wall and floor penetrations, water piping
runs should be free fromthe structure and the opening packed with a resilient
insulation material and fully caul ked. Water supply pipes larger than 50nm (2
i nches) in dianeter should be suspended fromthe structure on neoprene-in-
shear hangers or floor-nmounted on resilient supports. Flexible pipe
connectors will be used to connect the supply and drain pipes to vibrating
units such as garbage di sposals, pot, pan and di shwashers.

23.4.7.3 Water pressure and flow velocities. High pressure and high

vel ocity flow plunbing systens are inherently noisy due to turbulence in the
fluid flow To prevent the generation of excessive flow noise caused by
turbulent water flow in the plunbing and pi ping systens |ocated adjacent to
sensitive areas, water pressure should be in the range of 2.8 kg to 3.5 kg per
square centineter (40 to 50 | bs./square inches).

23.4.7. 4 Water hanmmer. The use of short, air filled branch pipes or stubs
to control water hammer is not effective and should not be used, since the
entrapped air in the stubs soon | eaves these chanbers by dissolving into the
wat er. The nost efficient neans of preventing water hammer is to install one
of the nechani cal devices manufactured for this purpose, which enploys a gas-
filled stainless steel bellows to absorb the shock of the hydraulic waves by
mechani cal conpression of the bellows. These devices are available in a
variety of sizes to accommpdate nost fixture sizes used in buildings.

23.4.8 I solation of Materials Handling and Transportati on Systens.

23.4.8.1 Vertical services. Chutes, pneunatic tubes, and vertica

conveyors should not be |ocated adjacent to any acoustically sensitive space,
and should be resiliently isolated fromthe building structure at each floor
penetration by neans of rubber-in-shear or glass fiber isolators providing a
m ni mum static deflection of 12.5mm (0.5 inch). The exterior of each trash
chute and | arge pneunatic tube should be coated with a visco-elastic vibration
danpi ng conpound or other danping naterial.

23.4.8.2 O her services. Werever possible, other vertical and horizonta
systens runs, such as pneunmtic tubes, conveyors, and nonorails should not be
| ocat ed adj acent to, over, or under any acoustically sensitive space. These
systens should be isolated fromthe building structure by resilient hangers,

i sol ated support traps, or resilient pads or trapeze hangers, and shoul d have
no direct physical connection with the finish ceiling system of the space
below. |If the horizontal runs are routed over acoustically sensitive spaces,
pneumati c tubes should be coated with visco-elastic danpi ng conpound or ot her
danmping material, such as 25mm (1 inch) thick glass fiber blanket, with an

i mpervi ous outer covering, such as netal foil. Alternatively, these system
runs can be boxed in, encased, or wapped with an inpervious barrier material
such as dense plaster, gypsum board, or a 50mm (2 inch) thick glass fiber
material, 6 pounds per cubic foot density, covered with an inpervious outer
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wr appi ng such as reinforced | eaded vinyl or sheet | ead.

23.4.8.3 Drive systens. In addition to resiliently isolating the service
runs fromthe building structure, the drive units, transfer or diverter units,
and exhauster, associated with each type of systemrun should al so be
isolated, as will the nmotors, punps, conpressors, gear and drive assenblies.

23.4.9 Enmer gency power systens. Enmergency generators are typically

| ocated near the major power plant |oads, sonewhat physically isolated from
acoustically sensitive areas, but such | ocation nust also be suitably close to
pati ent care energency |oads to i nsure adequate service. Generator noise and
vi bration solutions nust be considered during design. GCenerator exhaust

| ocation and configuration nust consider visible em ssions, noise |levels and
directionality of produced noise effects on patients, staff and nei ghboring
facilities. Typical specifications for sound linitation should neet
residential area requirenents.

23.4.10 O her electrical systens. Interior dry distribution transforners
and fluorescent lighting fixtures should be specified to limt intrinsic
acoustic "hum noise to non-noticeable levels in functional areas.
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Fi gure 23.7
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APPENDI X E:  ACOUSTI CS

E.1. Introduction. This appendix covers general acoustics information,
designed to help a design professional or facility program nanager in
understanding in nmore detail, individual aspects not covered in section 23 and
Appendi x A

E.2 Definitions.

E 2.1. A-wei ght ed deci bels (dBA): The A-weighted scale of a sound | eve
nmet er neasures decibels in a manner that discrimnates agai nst | ower
frequencies in the same nmanner as does hunman hearing. Therefore, sound
measured in dBA is a fair neasure of how | oud we perceive a source.

E. 2.2. CAC (Ceiling Attenuation Cass): CAC values nmeasure the amunt of
sound that is blocked by an acoustic tile ceiling for the sound path that goes
fromone room through its acoustic tile ceiling, into a standard pl enum and
back t hrough the acoustic tile ceiling into a neighboring room The CAC val ue
applies just to this path through the plenum and is anal ogous to the STC

rating for a wall. Higher values indicate a greater ability to block sound.

E.2.3 Coefficient of absorption. Al materials absorb sone sound, and this
percentage of sound is neasured (in |aboratory tests) as a coefficient of
absorption. Coefficients of absorption range in value fromclose to 0 (no
absorption) to nearly 1.0 (100 %efficient); these coefficients vary as a
function of frequency. Materials that are nost efficient at absorbi ng sound

i nclude soft porous “fuzzy” nmaterials such as glass fiber, mneral wool,
carpet, curtains, acoustic tile, and other specialty materials. Materials
that depend on their porosity to absorb sound should not be painted in a way
which will clog their pores, and thus degrade their acoustical performance.

E. 2.4. Deci bels (dB). Sound energy is nmeasured in decibels (dB), which
corresponds to | oudness. The decibel scale ranges fromO dB (threshold of
hearing) to over 100 dB (painful and injurious to one's health). Decibels are
a logarithm c scale, which neans that you can not add decibels directly (50 dB
+ 50 dB equals 53 dB, and does not equal 100 dB). Discussions that follow
will avoid detailed cal culations or technical analysis.

E. 2.5. Frequency (Hz). The frequency of vibrations for a sound source is
measured in cycles per second, or Hertz (Hz), which corresponds to pitch

Human hearing responds to sound from 20 Hz (very |low tones) to 20,000 Hz (very
hi gh tones). Frequencies of sound relate to types of noise sources (e.g.

di esel engi nes produce | ow frequency sound, hunan speech carries
intelligibility at higher frequencies), sound paths (sone materials and
constructions are better at blocking or absorbing sound at certain frequencies
than at other frequencies), and the receivers (humans are nobst sensitive to
sounds at md- to high-frequencies of 500 Hz and above).

E. 2.6. IIC (Inmpact Isolation Class): IICis a single number rating system
for the ability of a floor/ceiling construction systemto reduce the noise of

i mpact or structure-borne energy. Higher values indicate a greater ability to
reduce i npact noi se.

E.2.7. NC (Noise Criteria level): NCis a single nurber rating systemfor

| evel and spectrum of steady-state background noise levels in buildings, as
determ ned by the noise of nechanical systens. M ninum and naxi mumratings per
roomare listed in Appendi x “A”
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E. 2. 8. NI C (Noise Isolation Class): NCis the single nurber rating based
on field tests of how well all inter-connected constructions around a room
bl ock sound. N Cwll often be less than the STC rating for the sane
construction by about 4 to 8 decibels. The NIC ratings include the
contribution of all sound paths between adjacent spaces (i ncluding doors,
ceilings, windows, etc.). Higher values indicate a greater ability to block
sound.

E. 2.9. NR (Noi se Reduction): NRis another measure of all the sound
transfer between two spaces, by way of multiple paths (such as walls, floors,
doors, ceilings, windows, etc.) The NRis the difference in A-weighted sound
| evel s (dBA) from source to receiver. Higher values indicate a greater
ability to block sound.

E.2.10. NRC (Noi se Reduction Coefficient): NRCis a nmeasure of the sound
absorption of a material within a space. It is the average of absorption
coefficients of the mid-frequencies that are nost typical of general office
and speech use. NRC values range fromO to 1, with the val ue being rounded to
the nearest .05 value. Higher values indicate a greater ability to absorb
sound.

E. 2.11. Source/ Path/ Receiver. Every acoustics problem and issue can be

anal yzed by looking at the separate elenents that conprise the

source/ path/receiver outline. The source may be a nei ghbor tal king,

mechani cal equi pment, a vibrating punp, nusic froma stereo, or outside
traffic. The path nay be the buil ding envel ope, the intervening construction
bet ween two spaces and the nmultiple paths by which sound nay travel, the air
in aroom the building structure (in the case of structure-borne

transm ssion), or several of these elenents together. The receiver is the
human occupant (patient, office worker, neighbor) whose health and welfare are
t he goal of the acoustical design.

E. 2.12. STC (Sound Transmission Class): STCis the single nurber rating
based on | aboratory tests of how well a particular construction type bl ocks
sound. STC values are deternined fromTL data (see below). Higher val ues
indicate a greater ability to block sound.

E.2.13. TL (Transmission Loss): The ability of materials to block sound is
measured in a |laboratory as the Transm ssion Loss, TL. TL covers a w de range
of discrete octave band or one-third octave band frequencies. A higher TL
means that |ess sound is transmitted through the construction, and hence

provi des better sound isolation. TL is mainly useful in order to derive the
singl e nunber STC value for a material (see above).
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